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http:WHAT THIS PAPER ADDS
This study reviews the work-up of patients with symptomatic carotid artery stenosis eligible for carotid end-
arterectomy (CEA) in a large tertiary vascular referral centre. Guidelines recommend performing CEA in
symptomatic patients within 2 weeks. This analysis shows that although the delay to surgery has been reduced,
in the majority of symptomatic patients treated in 2012 it still exceeded the 14-day threshold indicated by these
guidelines. Furthermore, this analysis demonstrates a considerable difference in delay to surgery depending on
the deﬁnition of the “index event”. A uniform deﬁnition of the term “index event” is essential to compare delays
to surgery between studies and over time.Objective: In patients with recently symptomatic carotid artery stenosis, guidelines recommend carotid
revascularization within 2 weeks of the index event. The “index event” may be deﬁned as either the ﬁrst or the
most recent event. The delay between the index event and carotid endarterectomy (CEA) over a period of 6 years
in a single centre was evaluated and the effect of deﬁning the index event as either the ﬁrst or the most recent
event was assessed.
Design: Observational study.
Methods: 555 consecutive patients with symptomatic carotid stenosis 50% treated with CEA between 2007
and 2012 were assessed. In 2010, changes to the in-hospital process of care to reduce delays in referral and CEA
were introduced. These changes included, for example, improving access to physicians, imaging, and operating
rooms. The delay from symptoms to surgery was expressed in days.
Results: The median time between the ﬁrst event and surgery was reduced from 53 days (interquartile range
[IQR] 30e78) in 2007 to 21 days (IQR 12e45) in 2012, and between the most recent event and CEA from 45 days
(IQR 28e67) to 17 days (IQR 9e28). Patients referred directly by their general practitioner more often underwent
CEA within 2 weeks than patients referred by specialists from other hospitals. Compared to patients with
transient ischaemic attack or ocular symptoms, patients with ischaemic stroke more often underwent CEA within
2 weeks.
Conclusions: A small change in the process of care signiﬁcantly reduced the delay from the index event to CEA,
but in 2012 it still exceeded 14 days in the majority of patients. The deﬁnition of the “index event” has a large
impact on the total duration of delay, and should therefore be uniform across studies.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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In patients with recently symptomatic carotid stenosis
70%, carotid endarterectomy (CEA) reduces the risk of
future stroke.1,2 Surgery has been shown to be most
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//dx.doi.org/10.1016/j.ejvs.2013.12.013weeks of the ischaemic event.3,4 Based on these ﬁndings,
European guidelines for the management of ischaemic
stroke or transient ischaemic attack (TIA) and the man-
agement of symptomatic carotid artery stenosis recom-
mend that patients with recently symptomatic carotid
artery stenosis should undergo revascularization within 2
weeks of their index event.5e9
Implementation of these guidelines for the timing of
surgery has been shown to be difﬁcult in daily practice.10 In
several vascular centres, shorter waiting times have been
achieved over the last few years, but the majority of pa-
tients are still not treated within the recommended 2 weeks
from symptoms.11e13
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deﬁnition of the so-called “index event” is of crucial
importance. However, the deﬁnition is not unequivocal.
None of the recently published studies described the deﬁ-
nition of the index event in detail.11e14 It is often unclear
whether these studies have deﬁned the index event as the
ﬁrst or primary event or as the most recent event prior to
surgery. These deﬁnitions of events may be different
because patients often have recurrent symptoms before
their ﬁrst presentation to the hospital.
In the current study the aims were (i) to evaluate the
delay between the index event and CEA in a large, tertiary
referral centre in the Netherlands over a 6-year period, and
(ii) to assess the difference in delay when the index event
was deﬁned as the ﬁrst or as the most recent ischaemic
event.METHODS
This observational study evaluates the delays to carotid
surgery performed in the University Medical Center Utrecht
(UMCU), a large tertiary vascular referral hospital in the
Netherlands.Patients
Consecutive patients with symptomatic carotid artery ste-
nosis who had CEA between January 2007 and December
2012 were considered eligible for inclusion in the study.
Carotid artery stenosis was deﬁned as symptomatic if
ischaemic stroke, TIA, or retinal ischaemia in the supply
territory of the relevant carotid artery had occurred within
the preceding 6 months. Patients with surgery for asymp-
tomatic carotid artery stenosis, selective external carotid
artery revascularization, or CEA in combination with
another procedure (e.g., a hybrid carotid procedure or
coronary artery bypass grafting [CABG]) were excluded.
Data were prospectively collected and retrospectively
analysed.In-hospital organization
All patients with a suspected symptomatic carotid artery
stenosis were examined by a neurologist, a vascular sur-
geon, and an anaesthesiologist. Until 2010, appointments
with these specialists were made as soon as possible.
General practitioners (GPs), neurologists, and vascular sur-
geons from regional hospitals referred patients to our clinic
by telephone, fax, or letter. If necessary, additional imaging
was performed at one of the ﬁrst time slots available. From
2010 onwards, patients were preferably referred by tele-
phone or fax, and speciﬁc time slots were reserved during
weekdays to be able to see the patients within 48 hours of
the referral. In addition, daily pre-operative screening was
initiated by the anaesthesiology department and more
ﬂexible operating schedules were introduced. During all 6
years, CEAs were performed every Thursday, but patients
could also be operated on different weekdays, if considered
necessary.Data collection
Two observers (A.H. and G.B.) extracted baseline charac-
teristics, characteristics of the relevant symptoms, timing of
specialist appointments, and results of additional brain
imaging from the (electronic) patient ﬁles. All patients were
seen by a stroke neurologist, who also graded the strokes as
non-disabling (modiﬁed Rankin scale15 [mRS] 2) or
disabling (mRS  3). Indications for revascularization were
discussed at a weekly multidisciplinary team meeting of
stroke neurologists, vascular surgeons, and radiologists, but
patients could receive surgery without being discussed at
this meeting if they presented between the meeting and
the day of surgery.
Predeﬁned indicators of delay were calculated. We
assessed both the delay to surgery from the ﬁrst ischaemic
event and the delay to surgery from the most recent
ischaemic event before visiting the UMCU for the ﬁrst time
(“most recent” event). Neurological delay was deﬁned as
the time from consultation by the neurologist at the UMCU
to consultation by our vascular surgeon, and surgical delay
as the time from ﬁrst consultation by the vascular surgeon
to CEA. For all patients we differentiated between direct
referral to our hospital (deﬁned as “direct referral” to our
centre by a GP because of TIA or ischaemic stroke, or via
another speciality within the UMCU), versus “indirect
referral” (deﬁned as referral by a neurologist or vascular
surgeon from a regional hospital). For all patients, the
clinical outcome in terms of stroke or death within 30 days
of surgery was assessed.
Outcome
The primary outcome measure was the time between the
ischaemic event (index event) and CEA. All time intervals to
CEA were expressed in days. We performed subgroup an-
alyses for patients with direct referral and for those with
indirect referral.
Statistical analysis
All times were reported as median with interquartile range
(IQR). Pearson chi-square test was used for binominal var-
iables, and ManneWhitney rank sum test or Student t test
for continuous variables, where appropriate. To assess the
association between delay to CEA and demographic or
clinical characteristics we performed multivariable regres-
sion analysis, which included all variables that had a p-value
<.20 in univariate analysis.
RESULTS
Patients
During the study period, 665 patients underwent CEA. Pa-
tients with CEA for asymptomatic carotid artery stenosis
(n ¼ 70), CEA in combination with CABG (n ¼ 15), CEA of
the common or external carotid artery (n ¼ 12), CEA in
combination with an additional procedure (n ¼ 9), and
patients with incomplete data (n ¼ 4) were excluded. After
exclusions, 555 patients with CEA for symptomatic carotid
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was the presenting symptom in 164 patients, 264 patients
had a TIA, and 127 patients had ischaemic ocular symp-
toms. Baseline characteristics are shown in Table 1.
Total study population
The median time from the ﬁrst ischaemic event to surgery
was signiﬁcantly reduced from 53 days (IQR 30e78) in 2007
to 21 days (IQR 12e45) in 2012 (p < .01), and from the
most recent event to CEA from 45 days (IQR 28e67) to 17
days (IQR 9e28) (p < .01) (Table 2).
Half of the patients (n ¼ 285) attending our hospital had
a single ischaemic event. All other patients had more than
one event before attending our hospital. Furthermore, 107
(19.3%) patients had at least one recurrent symptom be-
tween their ﬁrst hospital visit and surgery.
The percentage of patients treated within 2 weeks of the
ﬁrst event increased from 10.5% in 2007 to 32.4% in 2012.
For the most recent event to surgery this was 13.2% in 2007
and 47.6% in 2012 (Table 3). Multivariable analysis revealed
that CEA was more often performed within 2 weeks in
patients presenting with a stroke compared with patients
presenting with a TIA or ocular symptoms (Table 4). All
other speciﬁc delay times are shown in Figs. 1 and 2.
Subgroup analysis
Multivariable analysis showed that, besides patients pre-
senting with a stroke, patients with recurrent symptoms or
patients indirectly referred have more than a 14-day delay
to CEA.
In the present analysis, 400 (72.1%) patients were indi-
rectly referred and 155 patients directly referred. Delays
from the index event to surgery were signiﬁcantly longer for
indirectly referred patients than for directly referred pa-
tients (Table 2). Only surgical delay did not differ signiﬁ-
cantly. As a consequence, patients indirectly referred were
relatively less often operated on within 2 weeks of their ﬁrst
or last event (Table 2). Moreover, of all indirectly referred
patients, 272 (68.0%) had a more than 14-day delay from
their ﬁrst event until the ﬁrst visit to a stroke neurologist in
our hospital (53.8% from most recent event).
Of the 52 patients directly referred to our hospital in
2011 and 2012, 22 (42.8%) were operated on within 2
weeks of their ﬁrst event and 32 (61.5%) within 2 weeks of
their most recent event.Table 1. Patient characteristics.
2007
n ¼ 76
2008
n ¼ 74
Age, years (mean  SD) 69.6  9.1 70.9  8.9
Female 28 (36.8) 33 (44.6)
Presenting symptom
Transient ischaemic attack 36 (47.4) 33 (44.6)
Ocular 16 (21.1) 20 (27.0)
Stroke 24 (31.5) 21 (28.4)
Note. Data are as number (%).Clinical outcome
Of the 555 patients, 15 (2.7%) had a stroke or died within
the ﬁrst 30 days of surgery. Eleven of these patients had a
single event and four patients had a recurrent symptom
during their waiting time. In these 15 patientsdof whom
seven were directly referred to our hospitaldthe overall
delay from ﬁrst event to CEA was 43 days (IQR 22e62) and
33 days (IQR 13e55) from most recent event. Delay to
surgery was not a risk factor for adverse clinical outcome in
this cohort of patients. The median delay of 43 days from
ﬁrst event to CEA for patients with postoperative death or
stroke was not statistically signiﬁcant compared to the
median delay from ﬁrst event to CEA in all other patients.
Furthermore, referral pattern was not associated with a
poorer clinical outcome.DISCUSSION
In this tertiary referral centre, the time interval from the
ischaemic event to CEA has improved signiﬁcantly following
in-hospital measures to reduce delays, but, unfortunately,
still exceeds the 2-week threshold in most patients. CEA was
more often performed within 2 weeks in patients with
stroke as the presenting symptom, and in patients who
were directly referred to our clinic by the GP. Delay before
the ﬁrst visit to our hospital therefore seems to play an
important role.
This study showed that the majority of patients still had
more than a 14-day delay before their ﬁrst visit to our
hospital. There are three main possible explanations for this
delay: patients did not attend their GP immediately after an
event or there was a delay in the referral to the surgical
centre; alternatively, our outpatient clinic may have
scheduled the visits too late. Therefore, future improve-
ment strategies should focus on increasing awareness
among the general population of neurological symptoms
such as TIA or transient monocular blindness to shorten the
time to attend a GP, neurologist, or ophtalmologist.12
Furthermore, delays in referral to the vascular surgeon,
and (when indicated) to revascularization, should be
reduced by scheduling consultation with the neurologist,
vascular surgeon and anesthesiologist on the same day. In
addition, adapted operating schedules should create more
ﬂexibility.
The exact deﬁnition of the term “index event” had a large
effect on the delay times. To date, the deﬁnition of the so-2009
n ¼ 104
2010
n ¼ 108
2011
n ¼ 88
2012
n ¼ 105
69.0  9.1 70.4  9.9 70.7  9.3 70.0  11.6
37 (35.6) 39 (36.1) 22 (25.0) 30 (28.6)
43 (41.3) 53 (49.1) 44 (50.0) 55 (52.4)
19 (18.3) 21 (19.4) 22 (25.0) 29 (27.6)
42 (40.4) 34 (31.5) 22 (25.0) 21 (20.0)
Table 2. Delay between event and surgery.
Days between ﬁrst event
and CEA
Days between most recent event
and CEA
Patients:
Overall cohort (n ¼ 555) 35.0 (18.0e73.0) 27.0 (13.0e52.0)
Directly referred (n ¼ 155) 26.0 (11.0e61.0)* 18.0 (9.0e39.0)*
Indirectly referred (n ¼ 400) 39.5 (21.0e77.8)* 30.0 (17.0e57.0)*
Per year:
2007 (n ¼ 76) 53.0 (29.5e78.0)** 44.5 (28.0e66.8)**
2008 (n ¼ 74) 48.5 (21.5e71.8) 30.0 (13.8e62.0)
2009 (n ¼ 104) 47.5 (23.0e100.0) 34.5 (18.5e67.0)
2010 (n ¼ 108) 35.0 (21.0e76.8) 27.0 (18.0e50.8)
2011 (n ¼ 88) 23.0 (14.3e60.3) 19.0 (10.0e34.8)
2012 (n ¼ 105) 21.0 (12.0e45.0)** 17.0 (9.0e28.0)**
Note. Data in days as median (interquartile range). CEA ¼ carotid endarterectomy.*p-Value direct vs. indirect referral<.01; **p-value 2007
vs. 2012 <.01.
Table 3. Operated within 2 weeks from index event.
2007
n ¼ 76
2008
n ¼ 74
2009
n ¼ 104
2010
n ¼ 108
2011
n ¼ 88
2012
n ¼ 105
<2 weeks
First event to CEA
8 (10.5%) 13 (17.6%) 16 (15.4%) 12 (11.1%) 22 (25.0%) 34 (32.4%)
<2 weeks
Most recent event to CEA
10 (13.2%) 19 (25.7%) 20 (19.2%) 20 (18.5%) 33 (37.5%) 50 (47.6%)
Note. CEA ¼ carotid endarterectomy.
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studies deﬁned the index event as the symptom that led the
patient to visit the doctor or hospital. In itself this may be
correct, but in terms of stroke prevention, it is most
important to understand and emphasize that the risk of
recurrent stroke is 5e7% in the ﬁrst few days after an event,
increasing to about 12% at 2 weeks.16,17 In speciﬁc sub-
groups this is even higher.18 Studies reporting delay in CEA
should deﬁne the index event precisely to show the data in
the correct perspective. The simple deﬁnitions of the ﬁrst
and most recent event used in this study may not be ideal,
but might initiate a debate to reach conformity in reporting.
Our multivariable analysis showed in patients presenting
with a stroke that the 2-week threshold was achieved moreTable 4. Factors associated with carotid endarterectomy (CEA) delay.
Unadjusted OR (95% CI)
First event to CEA within 2 weeks
Age 1.02 (1.00e1.04)
Sex 1.24 (0.80e1.93)
Stroke as index event 2.43 (1.56e3.76)
Recurrent eventa 0.43 (0.22e0.84)
Indirectly referred patients 0.32 (0.21e0.50)
Last event to CEA within 2 weeks
Age 1.00 (0.98e1.02)
Sex 0.97 (0.65e1.44)
Stroke as index event 1.73 (1.16e2.57)
Recurrent eventa 0.51 (0.30e0.87)
Indirectly referred patients 0.33 (0.22e0.49)
Note. OR ¼ odds ratio; CI ¼ conﬁdence interval.
a Symptom between most recent event and CEA.often than in patients with TIA or ocular symptoms. An
explanation might be that patients with a stroke are
referred more quickly to a stroke unit than patients who
had a period of limb weakness or temporary and short-
lasting visual problems. These patients do not recognize
these symptoms immediately or attend a doctor, and will be
referred to several other doctors before it is recognized as a
TIA or amaurosis fugax. Consequently, these patients will
often experience recurrent symptoms before being sched-
uled for CEA. This supports the notion that awareness,
especially among patients with transient neurological deﬁ-
cits, should be further increased. Shorter waiting times after
implementation of special rapid TIA clinics19 have been
reported, but it is uncertain whether these results arep Adjusted OR (95% CI) p
.10 1.02 (0.99e1.04) .22
.33
<.01 2.25 (1.42e3.56) <.01
.01 0.39 (0.20e0.78) <.01
<.01 0.30 (0.19e0.47) <.01
.90
.88
<.01 1.63 (1.08e2.46) .02
.01 0.46 (0.26e0.81) <.01
<.01 0.31 (0.21e0.46) .31
Figure 1. Delay times in days per year. Note. CEA ¼ carotid endarterectomy.
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of the difﬁculty in reaching the 2-week threshold.11e14 One
previous study has suggested that referral from one hospital
to another signiﬁcantly prolongs the delay to CEA.20 OurFigure 2. Structure of delay in days per yeastudy conﬁrmed this ﬁnding. Delays were longer for pa-
tients referred from a regional hospital compared with
referral by a GP. In the majority of patients, the 2-week
threshold had already been exceeded before attending ther. Note. CEA ¼ carotid endarterectomy.
238 A.G. den Hartog et al.neurologist in our hospital, irrespective of whether this was
analysed for the ﬁrst or the most recent event. In contrast
to our ﬁndings, a study in the UK found longer delays if a
patient was directly referred from care-of-the-elderly phy-
sicians or GPs compared with indirect referral by a neurol-
ogist or stroke physician.21 In the Netherlands, referral of
patients with symptomatic carotid artery stenosis from
regional hospitals to vascular surgery centres is more
frequent than direct referral by a GP. As our multivariable
analysis shows delay to CEA for patients indirectly referred
is longer, referral time is an important factor in the process
to reduce waiting times to surgery. It emphasizes the
importance of frequent process evaluation, which should,
optimally, result in shorter time intervals between the
referring physician and the ﬁrst visit to the vascular surgery
centre.
During the study period, the median time from visiting
the surgeon to CEA was shortened from 10 days to 3 days.
However, increasing the volume of CEAs may result in
higher pressure on the ﬂexibility of the operating schedules.
Classiﬁcation of CEA as a semi-emergency procedure,
including the further ﬂexibility in operating schedules, may
further reduce the in-hospital delay signiﬁcantly.
This study has several limitations. First, for referred pa-
tients, we did not retrieve data on when the GP or the
referring neurologist was ﬁrst contacted. Second, data were
retrospectively analysed. Third, we were not able to specify
all detailed steps in this complicated process of delay.
Therefore, it was impossible to further specify the cause of
the delay. For future analysis and to explore the causes of
delay more speciﬁcally, the pre-hospital phase, for example,
should be assessed in more detail.
CONCLUSION
A small change in the process of care reduced the delay to
carotid surgery signiﬁcantly, but in 2012 this was still per-
formed more than 2 weeks after the ischaemic event in the
majority of patients. For the shortening of this delay, spe-
ciﬁc attention should be paid to the pre-hospital phase. The
deﬁnition of the “index event” has a signiﬁcant impact on
the duration of the delay. Guidelines and studies should
apply a universally agreed deﬁnition of the index event to
make reports of delay to CEA more comparable in the
future.
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